Clinicians should seek information about how well a new test detects disease that will benefit from clinical intervention rather than simply the presence of any disease
Test accuracy varies depending on how the presence of disease is defined. For example, the sensitivity of computed tomographic (CT) colonography to detect colorectal neoplasia has been estimated at 96% for detecting invasive cancer, 86% for medium to large polyps, but as low as 45% when polyps of all sizes are included in the definition of disease. 1 To interpret these results, we need to decide whether all polyps, or what type of polyps, are important to detect.
In this paper, we explain how this principle applies when reading studies of test accuracy. When a disease threshold or set of criteria is available to define a clinically meaningful subset of disease, estimates of test accuracy for detecting the entire spectrum of disease will not apply to this subset. Therefore, clinicians need to look for estimates of test accuracy for detecting classifications of disease that are useful in clinical practice. The clinical value of a test cannot be interpreted from estimates of test accuracy if the disease definition is not clearly stated or if its clinical importance is ambiguous or unknown.
Defining disease for test accuracy studies
The diagnostic accuracy of a test measures how well it distinguishes between the presence and absence of disease. This is traditionally expressed as the sensitivity and specificity of the test. Test sensitivity is the proportion of patients with disease who are correctly identified. Test specificity is the proportion of patients without disease who are correctly identified.
To estimate sensitivity and specificity, accuracy studies require an explicit definition of disease as a dichotomous "present or absent" outcome and a reference standard that can be used to verify the true disease status (box). Typically, the definition of disease is based on the best available information about the pathological or molecular basis of disease. For example, trisomy 21 is defined by the presence of an additional chromosome 21. Here, the diagnostic threshold is reasonably clear: everyone with this characteristic is classified as having the syndrome; those without are excluded. Accuracy studies of screening tests for trisomy 21, such as ultrasound assessment of fetal nuchal translucency, measure how well the tests can correctly classify individuals according to this binary definition of disease using chromosome studies as the reference standard.
However, clinical disease is often not binary: there is no clear fixed threshold to distinguish between the presence and absence of disease. Furthermore, cases vary in severity and clinical consequences and are rarely managed as a single condition. Since test accuracy varies depending on what spectrum of disease is examined, its accuracy in detecting all disease may not reflect accuracy in detecting clinically relevant cases at one end of this spectrum.
The figure⇓ shows the common scenario where a disease has a broad spectrum of pathological presentations, ranging from mild to severe based on histology, extent, or location. For example, the presence of carotid artery stenosis can refer to all stenotic lesions, from mild plaques to fully occluded arteries. At a clinical level, disease is usually further classified based on evidence about differences in patient prognosis or treatment outcomes for subgroups of disease. These subgroups are used to guide decisions about management such as a choice between monitoring and treatment for clinically important cases.
The figure distinguishes between clinically important disease (disease associated with symptoms or a high risk of future clinical events) and disease that will benefit from treatment (disease for which the benefits of a specified treatment exceed the harms). Clinical studies are needed to define the threshold or boundaries for these subgroups. For some diseases these clinical definitions will overlap. For genital Chlamydia trachomatis infection, for example, all cases of disease are clinically important and recommended for treatment. For other diseases, different subgroups can be defined.
Example of interpretation of test sensitivity and specificity: computed tomographic colonography to detect colorectal neoplasia in a screening population
Target
To identify polyps that need further investigation by colonoscopy and biopsy. This requires a threshold for disease to be specified-eg, one or more polyps ≥10 mm (research shows high risk of advanced adenoma and progression to cancer for this subgroup)
Accuracy of computed tomographic colonography 1 93% sensitivity-of 100 patients with polyps ≥10 mm, 93 will be correctly identified as requiring colonoscopy and biopsy and seven will be misclassified as having normal or clinically unimportant results and will miss out on appropriate investigation and management 97% specificity-Of 100 patients with no polyps ≥10 mm, 97 will be correctly classified as having normal or clinically unimportant results and three will be misclassified as having polyps and receive unnecessary further investigation
The target condition
When measuring test accuracy, the target condition is the classification of disease you wish to detect. To define the target condition we must think about the clinical decisions the test will be used to guide and determine the most appropriate threshold or criteria to dichotomise the presence or absence of disease for these decisions. The principle of defining the target condition to represent a clinically relevant classification of disease is not new 2 and is well recognised for some diseases, such as colorectal neoplasia and carotid artery stenosis.
When test results will be used to rule in or rule out disease from further investigation or management, we need to consider whether all cases of disease are clinically important and, if not, what is the threshold for identifying cases that are clinically important. This is essentially a prognostic question and is best answered by studies that report patient outcomes for subgroups of disease using different disease thresholds. Clinically important carotid artery stenosis, for example, is commonly defined as ≥50% narrowing of the artery diameter, based on evidence from prognostic studies about the risk of stroke for patients with this severity of disease compared with those with mild stenosis or no disease. 3 When test results will be used to select treatment, the target condition is best defined by treatment trials. For example, trial evidence suggests clear benefits from surgery exceeding harms only for those with 70-99% stenosis. 4 Thus the target condition for test accuracy can be based on these trial defined boundaries.
Although the target condition and reference standard are sometimes regarded as interchangeable terms, there is an important distinction between them: the target condition represents the classification of disease required to investigate a particular clinical problem (such as important carotid artery stenosis), whereas the reference standard represents the best available method to detect this condition (such as angiography). If more than one target condition is important, test accuracy can be measured separately for each.
The choice of target condition is related to but separate from other factors that limit the application of test research into practice, including the importance of measuring test accuracy in patient groups similar to those who will have the test in practice and reporting separate accuracy estimates for different patient subgroups. 
Why target condition should be clinically defined
When the target condition matches the best available evidence based classification of disease for diagnosis or treatment decisions, the clinical consequences of a true and false positive and negative test result can be clearly appreciated: test sensitivity represents the proportion of patients with the condition who will receive appropriate management; and test specificity represents the proportion of patients without the condition who will avoid further unnecessary tests or treatment. In contrast, if the definition of the target condition is not clearly defined, or its clinical importance is ambiguous, estimates of sensitivity and specificity may underestimate or overestimate the clinical value of the test. Consider human papillomavirus (HPV) testing to screen for precancerous cervical abnormalities. Here the target is high grade cervical intraepithelial neoplasia rather than all HPV infections, many of which do not warrant further investigation. HPV test sensitivity for detecting high grade intraepithelial neoplasia can be directly interpreted in clinical terms; test sensitivity for detecting all HPV infection cannot. 7 The target condition should always be based on the best available evidence about the threshold or criteria for the intervention that the test will be used to guide. For CT colonography screening for colorectal cancer and pre-malignant polyps, the critical decision is whether to refer for colonoscopy. The risk of advanced adenoma is low for tiny polyps and increases with polyp size. 8 This evidence has been used to support a referral threshold for polyps ≥10 mm or, at most, ≥6 mm. Thus the most clinically relevant target for measuring test accuracy is having at least one polyp over the threshold size regardless of (unknown) histology. 1 Unfortunately, poor reporting of the definition of the target condition and its relevance for clinical decisions is widespread in accuracy studies, even for conditions where clinically meaningful subgroups are well defined. In their systematic review of CT colonography for detecting colorectal polyps, Halligan et al found that only half of the accuracy studies (12/24) reported sufficient data to construct a two by two table to calculate per patient sensitivity and specificity according to polyp size.
1 In Wardlaw et al's review of imaging tests for carotid artery stenosis, 41 studies met current standards for reporting accuracy results. Of these, 30 (73%) did not provide data using standard criteria for defining clinically important (50-99%) stenosis, 12 (29%) did not provide data for 70-99% stenosis, and 7 (17%) provided data for neither of these subgroups. 9 These reviews also show the potential magnitude of bias if test accuracy for detecting a broad disease spectrum is used as a proxy for a more narrowly defined clinically important subgroup (CT colonography test sensitivity: 93% for detecting polyps ≥10mm; 86% for polyps ≥6mm, and as low as 45% for all polyps); or if test accuracy for detecting one segment of the disease spectrum is applied to another segment (Doppler For conditions where the threshold for clinically important disease has not yet been defined, interpreting test accuracy is even more challenging. For example, studies have shown that CT pulmonary angiography is more sensitive than ventilation-perfusion (V/Q) scanning for detecting pulmonary emboli. These studies commonly include all emboli, regardless of location and size, in the definition of disease. However, the clinical importance of small subsegmental pulmonary emboli is uncertain. 10 If some of the extra cases detected by angiography represent this end of the disease spectrum, the improved sensitivity may not translate into improved patient outcomes. Ignoring this uncertainty when interpreting test accuracy results will overestimate the clinical value of angiography. 10 11 The problems of new diagnostic technologies that are capable of detecting early or milder disease that is of uncertain clinical importance have been well documented in other areas, including cardiovascular and infectious diseases, 12 13 spinal disorders, 14 and various cancers. 15 16
Clinical implications
Current guidelines for reporting and appraising studies of test accuracy do not include guidance about choosing the most relevant target condition. 17 18 To make evidence based judgments about the clinical value of a test, clinicians need to be clear about what they are seeking to detect. When reading test accuracy studies, they should look for information about what target condition was chosen and why. Studies should include an explicit statement about the clinical consequences of correctly detecting or excluding this target and interpret the results in these terms. If the target condition is not clearly defined or does not match your reason for testing, seek more relevant evidence.
Reports of a new test having higher sensitivity for detecting potentially serious disease are compelling, but interpretation is not straightforward if the new test shifts the threshold for detecting disease. To recognise these situations, readers should consider whether the extra information provided by a more sensitive test will lead to a broader definition of disease than existing tests. If so, the clinical value of the new test will depend on whether the prognosis or response to treatment of the extra cases detected is likely to be similar to that of cases detected by existing tests. When the value is uncertain, authors should be explicit about the lack of evidence. For example, examining the clinical value of adding magnetic resonance imaging (MRI) to CT to rule out spinal injuries in obtunded patients, Schoenfeld et al reported that there are "little objective data correlating many of the identifiable MRI soft tissue abnormalities with the clinical assessment of instability." 14 
Research implications
Collaboration between clinicians and researchers is essential to define the clinical role of the test and choose the most appropriate target condition. This dialogue should focus on identifying the major clinical decisions the test will be used to guide and locating the best available evidence to determine the optimal disease threshold or criteria for making this decision.
Clinically defined target conditions will sometimes be substantially different from the traditional pathological definitions of disease. For example, a recent study of imaging strategies for acute abdominal pain used a target condition of patients requiring treatment within 24 hours rather than a traditional pathological diagnosis of appendicitis or other disease, resulting in more clinically relevant estimates of accuracy. 19 The target condition is likely to change as new tests and treatments are introduced that shift the threshold for clinically important disease and the threshold at which treatment benefits exceed harms. Therefore, we encourage researchers to report test results using different disease thresholds in a multidimensional table. This will allow readers to select accuracy estimates that are most relevant to how they will use the test. Ideally, study data would also be stored in a publicly accessible format that could be re-examined when new indications for tests and treatments arise.
Attempts to define the target condition will often point to the need for clinical studies that better define optimal thresholds for diagnosis and intervention. Consider quantitative polymerase chain reaction testing for cytomegalovirus in patients who have received transplants; these tests are highly sensitive for detecting copies of viral DNA in peripheral blood, but the optimal criteria for starting (expensive) treatment for this devastating disease has not yet been established. 13 We recognise that even when trial evidence is available to develop standard disease criteria for treatment decisions, in practice the treatment threshold is not fixed. Clinical decisions about treatment thresholds may vary for different patient groups and according to clinician experience, clinician and patient preferences, and resources. Even so, we believe the development of standard evidence based disease classifications is essential to ensure accuracy estimates are meaningful to practice and to promote consistency between studies that will allow better comparisons between tests and over time.
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